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FOREWORD 


This revised document was required because of input data format 
problems which led to errors in the ground wind tables of NASA Technical 
Memorandum 78181, July 1978. This document corrects and supersedes 
NASA TM-78181 and should be used in place of it. 
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TECHNICAL MEMORANDUM 78229 


GROUND WINDS FOR KENNEDY SPACE CENTER. FLORIDA 

(1979 REVISION) 

I. INTRODUCTION 


This report deals with surface-level wind conditions for NASA’s Kennedy 
Space Center (KSC) , Florida, including the Cape Canaveral, Florida, area. 
Since KSC will be the primary landing site after the first four Orbital Flight 
Tests of the Space Shuttle, these statistics may prove useful in mission planning 
activities. This report presents low-level crosswind, headwind, tailwind, and 
headwind reversal statistics by hour and month for use with the main KSC Shuttle 
runway orientation. 

The winds were recorded at the Cape Canaveral Air Force Station 
(CCAFS). In March 1978 the wind observation site was moved to the Shuttle 
runway. Even though the Shuttle runway (approximately 11.5 miles northwest 
of the CCAFS wind observation site) may exhibit some differences in the wind 
regime — perhaps more thunderstorms or different sea-breeze effects — the 
wind statistics presented provide the best available mission planning information 
to date. This document supersedes NASA TM-78181 and should be used in place 
of it. 


II. ARRANGEMENT OF TABLES 


Tables are numbered and arranged by monthly reference period, with 
subnumbers used to identify the crosswind, tailwind, headwind, or reversal 
statistics within each month as follows: 

Section HI 


Crosswind: Tables 1.1 through 13.1 
Tailwind: Tables 1.2 through 13.2 


Crosswind versus Tailwind: Tables 1.3 through 13.3 



Headwind Reversals: Tables 1.4 through 13.4 
Headwind: Tables 1.5 through 13.5. 


Ml. RUNWAY CROSSWINDS, TAILWINDS, AND 
HEADWIND REVERSALS 

A. Background 

A study similar to the one presented here was previously done for the 
NASA/KSC, Florida area in October 1972 11). That study used hourly peak 
ground wind data to determine optimum runway orientation by minimizing 
critical high crosswind component frequencies. The proposed runway orienta- 
tion was then used in conjunction with the hourly peak wind data to determine 
frequencies of headwind-to-tailwind reversals that resulted in speciiled tailwind 
speeds. The present KSC wind study expands on the two t}'pes of information 
determined previously for KSC and adds a section on tailwinds and headwinds 
alone. This type of runway wind study was also completed for the Edwards AFB 
area )2]. 


B. Runway Orientation 

The runway of interest for NASA Shuttle Orbiter landings at KSC is Space 
Shuttle runway 15-33 (150-330 degrees). Figure 1 is an artist’s cosiception of 
the Space Shuttle Orbiter making its final approach (toward the north) onto the 
KSC runway end 33 after completing a space mission. Figure 2 indicates the 
general layout of the Shuttle runway. The runway is designated 15-33 because 
of its angle of separation in degrees clockwise from magnetic north and indicates 
a pilots approach toward that direction. That is, a pilot desiring to land toward 
the south on 15-33 would enter from the north end ( 15) , thereby allowing him to 
land toward 150 degrees. The runway orientation with respect to true north is 
within 0.5 degree of magnetic north. All magnetic runway wind statistics given 
in this report were computed with respect to true norlli. 

The Shuttle runway is oriented so that a vehicle landing from the northwest 
toward the southeast wui probably be landing into a headwind during the summer 
months. Figure 3 (3) gives the prevailing surface wind direction versus hour 
and month. The respective percentages of the prevailing direction are given 
within each box. These prevailing KSC wind directions were developed by using 


2 







hourly mean values. Generally, a I-minute average is taken about each hour, 
on the hour, to obtain a mean hourly wind. From Figure 3 one can see that 
runway 15 headwinds (winds from east through south) prevail from April through 
September for most all hours of the day. Headwinds for runway 33 (winds from 
the northwest and north) prevail in the winter for most all hours from November 
through February, with March and October classified as transition months. 

Mean hourly surface wind speeds (in knots) versus hour and month are given in 
Figure 4 [ .3]. it can be seen that wind magnitudes generally pick up during the 
afternoon hours [1200-1700 local standard time (LST)] , with larger magnitudes 
generally observed during the fall, winter, and spring months. The KSC mean 
wind information, as presented in Figures 3 and 4, is not to be confused with 
the peak wind statistical tables presented in the remainder of this report. 
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Figure 3. KSC percc'iitage of prcviiiling wind direction. 


C. Data Used 

The ground wind speed and direction data used in this study wore taken 
from a magnetic tape contiiining the CCAFS liourly surface peak wind observa- 
tions (similar to Reference 1). The period of record extended from September 
1958 through December 1977, The tajxj gave a totid of 159,938 hourly peak wind 
observations for KSC, I'lorida. All calms were included in the data sample. 

The hourly peak wind sample used here is the iwak wind speed (and associated 
direction) observed between 30 minutes prior to and 30 minutes after the hour. 
Speeds were read to the nearest whole knot, directions to the nearest degree. 
During the period of record the luiemometer location was changed several times. 
However, most of the observations were made approximately 10 meters (33 feet) 
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Figure 4. KSC mean surface wind speed (knots). 

above natural grade. In Space Shuttle vehicle ground wind related analyses, 
peak wind speeds (or gusts) are generally more useful in design, mission 
plannir’ and operational activities. 


D. Computational Methods/ Equations 

1. Cx’osswind Pr< eedurc . This section includes a discussion of the 
computational metliods used in obtaining the percentage frequency of occurrence 
within critical crosswind intervals, i.e., 1 to 4, 5 to 9, 10 to 14, 15 to 19, 

20 to 24 , and 25 and up knots. The crosswind equation used for the runway is; 


(3 



Crosswind = (sin | WD-RA | x WS) 


( 1 ) 


where 


RA = runway angle measured from true north 

WD = wind direction in degrees clockwise from true north 

WS = wind speed in knots. 

The runway crosswind component for each observation was computed and then 
checked against the several critical crosswind intervals, and a tally '.vas entered 
into the appropriate matrix position. Every wind observation ( 159,938 total 
observations) was handled in this manner. 

The percentage frequency of occurrence of crosswind components within 
these critical intervals was next calculated for each matrix position by dividing 
the total number in that position by the total number of observations and multi- 
plying by 100; i,e,. 


Percent frequency = (S/T) x lOO 


( 2 ) 


where S is the number of cases within the critical crosswind interval and T is the 
total number of wind observations for Uiat time interval. These runway crosswind 
percentage frequencies are given by month in Tablos 1, 1 through 13,1 for each 
3 hour period of the day, 

2, Tailwind Procedure , In addition to critical crosswinds adversely 
affecting the landing of space vehicles and aircraft, headwind reversals (i,e , 
a headwind changing to a tailwind) also can present problems. Given in this 
section are percent frequency of occurrence tables that pertain to critical tail- 
wind and tailwind/crosswind speeds. The crosswind computations discussed in 
the last section of this report do not require a specification of the landing 
direction since a wind component is calculated normal to the runway. This 
means that a critical crosswind that affects the vehicle from either the left or 
right side is tallied. However, in analyzing headwinds and tailwinds, the direc- 
tion of the component parallel to the runway is important. If, for example, it 
were necessary to land on runway 15 (from northwest) , a wind component from 
the northwest (a tailwind) would be unfavorable. In the computations performed 
here, parallel runway winds were computed using the following formula: 


Parallel wind = (cos | WD-RA | x WS} 


( 3 ) 


where 


RA = runway angle measured from true north 

WD = wind direction in degrees clockwise from true north 

WS = wind speed in knots. 

When computing a parallel runway wind, sign is important. If equation ( 3) gives 
a positive velocity (+) , it defines a tailwind. Conversely, a negative velocity (-) 
defines a headwind. Critical tailwind interval limits of 1 to 4, 5 to 9, and 10 and up 
knots were used by hour and month in computing the runway tailwind probabilities 
as given in Tables 1.2 through 13.2, Finally, crosswind-versus-tailwind per- 
centages are given in Tables 1. 3 through 13. 3 by month and hour for each runway. 

3, Headwind Reversal Procedure . In this analysis of runway headwind 
components an attempt has been made to answer some basic questions concerning 
1-hour wind reversal frequencies. For example, (1) What is the probability that 
the wind component parallel to the runway will reverse direction?'’ (2) Do 
reversals from northwest to southeast components occur as frequently as south- 
east to northwest changes? (3) Suppose the wind direction at some specified 
time is known; what then is the conditional probability of a reversal? 

a. Frequency of Wind Reversals. To calculate this value it is only 
necessary to count those cases when the parallel wind component switches from 
one hour to the next; i.e. , if the component goes from (+) to (-) or from (-) to 
(+), this indicates a switch and is tallied. Dividing this tally by the entire 
hourly data sample gives a percent frequency (occurrence rate) of the wind 
reversing on the runway over that time interval. This procedure is expressed 
in equation (4) uS follows; 


X(I,J) 


100 Y(I,J) 
Z(I,J) 


where 


( 4 ) 


X(I, J) = percent frequency of parallel component wind reversal for 
month I and time period J 
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Y(I, J) = number of occurrences of parallel ^^ind reversals during 
month I and time period J 

Z(I, J) = total observations during month I and time period J,. 

The reversal tallies were entered on the resulting hour; i.e. , a reversal wind 
between 0700 and 0800 LST is entered at 0800 LST (the resulting time). However, 
since hours are combined into time intervals, this was entered as a tally within 
the 06-08 3-hour time interval. These values are listed in column 1 (TOTAL) of 
Tables 1.4 through 13. 4A. 

b. Southeast to Northwest and Northwest to Soutlieast Reversals. 

How often does a southeast wind component reverse to a northwest wind compo- 
nent from one hour to the next? To compute these reversals, the number of south- 
east to northw'est component changes are tallied and then divided by the total 
number of observations for that time period. These values appear in column 2 
(HEAD-TAIL) of Tables 1.4 through 13. 4A for runway 15 but in column 3 
(TAIL-HEAD) for runway 33. Wind component changes from northwest to 
southeast are calculated in the same way. 

c. Conditional Wind Reversals. Given a southeast parallel compo- 
nent wind initially, how often does this southeast wind ehange into a northwest 
wind component by tlie next hour? This third question deals with the conditional 
statement that given a southeast wind, what is the probability of its changing 
into a northwest wind; i.e. , P(NW |SE) . In this third question we must look at 
only the hourly southeast components in the data sample and then tally the 
southeast to northwest wind changes over an nour. This tally must be divided 
by the number of southeast wind components in the sample, not by the total data 
sample, because prior Imowledge of the wind direction is assumed (i.e. , south- 
east winds are set as given initially) . See columns 4 and 5 of Tables 1.4 through 
13c 4A. Likewise, column 5 presents the conditional percentage frequency of a 
northwest to southeast reversal by using the s'\me method. 

In this section the following conditional probability equation was used:^ 


P(X|Z)j. 


100 Y(I, J) 
Z(I,J) 


( 5 ) 


1. The terminology given here is reversed when considering the probability of 
a headwind given a tailwind. 



where 




\ 


P(X|Z)j. 

Y(I,J) = 

Z(I,J) = 

Tables 1.4B through 13. 4B also give headwind reversal statistics, but here the 
statistics are broken out into specified resultant tailwind magnitude categories 
(i.e., resultant tailwinds of >0-3, 4, 8, >8 knots). 

Throughout this headwind reversal section both cal.n conditions and direct 
crosswinds were considered as favorable landing conditions. 

4. Headwind Component Procedure. Headwind component statistics 
parallel to the runway are often requested. Computed in Tables 1. 5 through 
13.5 are cumulative percentage frequencies of headwind components calculated 
along the runway during daytime hours (06-17 hours). These tables were 
computed by equation ( 3) , using only those wind observations that displayed 
a headwind component along the specified runway. This means that for the 
runway 15 computations, for example, all observations of wind directions from 
approximately west fiirough north to east (tailwind components) were eliminated. 
This accounts for the lower number of total observations given in the tables. 

The component speed column should be interpreted as follows: 0-1 includes 
speeds from 0 to 0.8 knot; 1-2 contains values from 1.0 to 1.9 knots, etc. 

Calms are included in the zero category. 


= conditional probability of the occurrence of a tailwind (X) 
given a headwind (Z) initially during month I and time J 

the number of headwind-to-tailwind changes during month I 
and time period J 

the total number of headwinds in the month I/time J data 
sample. 


E. Explanation of Tables 

Tables 1.1 through 13.1, 1.2 through 13.2, and 1.3 through 13.3 of this 
report are presented as percentages of crosswinds or tailwinds within selected 
wind speed into, vals only. Since probability questions of the tyjje ’’greater than 
or equal to a certain value” are usually asked (indicating an accumulated effect), 
one must add together rows of percentages and, at times, columns as well. 
Tables 1.4A through 13. 4A give the percent of wind reversals for ’’all” resultant 
tailwind (or headwind) magnitudes, whereas Tables 1.4B through 13. 4B break 
out the reversal statistics into specified tailwind categories. 
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The critical crosswind or tailwind speed interval headings, 1 to 4, 5 to 9, 
etc. , are to be interpreted as 1 thi’ough 4 knots, 5 through 9 knots, etc. Also, 
zero crosswinds are classified as all winds Uiat are (1) calm, (2) < 1 knot, and 
( 3) parallel to the runway. Zero tailwinds have not been tabulated, but all 
tailwinds > 0 knots and < 1 knot were placed within the 1 to 4 knot classification 
interval during data analysis. The time intervals given (i.e. , 00-02, etc.) 
Indicate eight 3 hour intervals, and they are expressed in LST. 

1. Crosswind Example . Tables 1. 1 through 13. 1 give percentages of 
critical crosswind occurrences within critical crosswind speed intervals versus 
hour of day for the runway and month. Since runway end number does not matter 
when computing crosswinds, the runway is listed as 15-33 on these tables. 
Examples follow concerning the use of Tables 1. 1 through 13. 1 in which cross- 
wind occurrence percentages can be easily calculated by summing up percentages 
in the appropriate row. For runway 15-33 between hours 00-02 for the April 
reference period. Table 4.1 gives a 56.53 percent chance of encountering a 
crosswind > 5 knots. One must add 34. 14 + 14. 53 + 6.43 + 1.24 + 0, 19 = 56. 53. 
This also means that 43.48 percent (i.e. , 35. 56 + 7.92 = 43.48) of the cross- 
winds are < 5 knots. Similarly, crosswind percentages > 20 knots can be 
computed for all hours on runway 15-33 by adding, on the 00-23 line (under HRS) , 
0. 36 + 0. 20 to arrive at a percentage of 0. 56. In this same category, zero 
crosswinds (calm conditions, crosswinds < 1 knot, or winds parallel to the 
runway) occur 2. 19 percent of the time. 

2. Tailwind Example . Tables 1.2 through 13.2 give percentage fre- 
quencies of tailwind components within critical tailwind speed intervals versus 
hour of day for the runway heading and month. Since landing direction does 
play a part in the computation of tailwinds (or headwinds) , the runway is listed 
as 15 and 33, indicating the approach direction (i.e. , 15 is landing into 150 
degrees from the northwest end of the runway) . Some examples follow that 
indicate th"; use of Tables 1. 2 through 13.2. Again, the format of the tables is 
similar to u.at of Tables 1. 1 through 13. 1, and the tailwind statistics presented 
are not .ccumulated. The April tailwind percentage z 5 knots between 00-02 
hour.j LST for runw'ay 15 as presented on the left side of Table 4.2 is 18.31 
(^1.07 + 7.24 = 18.31). The companion table of 4.2 indicates a tailwind per- 
centage of 42.74 for runway 33 for the same specified conditions. The 42.74 
percent on runway 33 can ;ilso be interpiotcd as the percentage of headwinds on 
I unway 15. A tailwind on one runway heading (33) is a headwind on the other 
end of the ’•jnway (15). Combined percentiles for all hours can be obtained 
from the 00-23 row. 
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Tables 1. 3 through 13,3 give percentages for the joint occurrence of 
yrinds vrithin selected crosswind versus tailwind speed intervals. These monthly 
tables are presented for each end of the runway and are displayed by hour of 
day (LST) Tables 1.3 through 13.3 offer the advantage of obtaining percentages 
by choosing the critical crosswind and tailwind limits concurrently, not 
separately. That is, suppose both crosswinds and tailwinds > 5 knots are 
critical to a landing operation for 00 hours during April on runway 15, one would 
find the intersection number that pertains to the intervals of crosswind 5 to 9 and 
tailwind 5 to 9, In this case, the number in Table 4,3 is 3.90 percent. This is 
not the percentage number needed since these table percentages, again, are not 
accumulated. Therefore, one must sum all the tailwind rows ^ 5 kiMJts that 
encompass all crosswind values > 5 knots. This will satisfy the required 
condition. Figure 5 illustrates the Table 4,3 example in more detail in that the 
percentage numbers to be added are enclosed by dashed lines. The total required 
sum of these ten numbers is 12.25, which is the required percentage. 


RUNWAY IS, HOUR 0, KSC. FLORIDA, APRIL 


TAILWIND 

LIMITS 

CROSSWIND LIMITS 

14 5-9 10-14 15-19 20-24 25-UP 

ZERO 

CROSS TOTAL* 

14 

5.57 5.38 2.60 0.93 0.00 0.19 

♦ ♦ ♦ 

1.11 * 15.77 * 

5-9 

1.67 |"a90 3.15 0.37 0.19 0.00“| 

# * 
1.30 * 10.58 * 

10-UP 

1 1 
2.04 1 2.60 1.48 0.37 0.19 0.00 1 

0.19 « 6.86 « 

TOTAL^ 

a28 11.87 7.24 1.67 0.37 0.19 

«■ "W 

2.60 * ^3.21 « 




a. TOTAL PERCENTAGES WITHIN DASHED ' •» AREA = 1Z25 PERCENT. 


Figui 5. KSC crosswind/tailwind speed interval percentages. 

Since Tables 1. 3 through 13. 3 are the most involved of the tables pre- 
sented thus far, a few notes of caution are issued that one should remember 
while using them. The total row and column offer a sum of all rows or columns, 
respectively. The total column (of Tables 1.3 through 13.3) has also added into 
it all the zero crosswind percentages. The percentage numbers enclosed by 
asterisks in Figure 5 show the percent frequency of tailwinds without regard to 
crosswind components. An example of using the total row follows. If one needs 
the percentage of all crosswinds > 5 knots on runway 15 at 00 hours in April 
which encompasses all tailwind categories, he can sum the numbers 11,87, 7.24, 
1,67, 0,37, and 0.19 to arrive at 21.34 percent. Why is this value so much less 


2. Figure 5 is taken from Table 4. 3; because of computer round-off, the tabular 
numbers shown here may not total exactly. 
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than the 56,53 00-02 hour percentage of crosswinds & 5 knots on runway 15-33 
from Table 4,1? The answer is that the 21,34 percent corresponds to crosswinds 
> 5 knots with regard to all tailwind categories. Tables 1. 1 through 13. 1 give 
crosswinds > 5 kiK>ts with regard to all parallel winds (tail and head combined). 
To obtain comparable numbers, one must calculate from Table 4.3 the cross- 
wind percentage 2: 5 knots ( 33, 22 percent) with regard to all tailwinds on 
runway heading 33 (a headwind on runway 15) and add the two percentages 
(21,34 + 33.22) to arrive at 54 , 56 percent, which corresponds closely to Table 

4. 1 values. The numbers will not be exact because Tables 1. 1 through 13. 1 and 

1.2 through 13.2 give statistics in 3 hour groups, while Tables 1.3 through 13.3 
are by each individual hour. Both tailwinds and headwinds from Tables 1. 3 
through 13. 3 may have to be used depending upon the application. 

3. Headwind Reversal Example. Tables 1.4A through 13. 4A give the 
percentage of parallel runway wind reversals that answer the three questions 
posed earlier in this report concerning different runway wind reversal classifica- 
tions. These tables present the probabilities for each runway end by month and 
3 hour time period. Column 1 answers question 1 and gives the total reversals 
for all observations (within time and month category). Columns 2 and 3 answer 
question 2 by giving the percent frequency of headwind-to-tailwind and tallwind- 
to-headwind reversals, respectively, for all observations. Question 3 on 
conditional probability is answered in columns 4 and 5. It should be noted that 
the statistics presented in Tables 1.4A through 13. 4A deal with the probability 
of reversals without regard to the resulting parallel -wind magnitude classifica- 
tion, as presented in Reference 1. Tliis moans, for example, that the columns 
regarding headwlnd-to-tailwind reversals (columns 2 and 4) were computed for 
all resultant tailwind components. On the ”A” tables, all magnitudes of the 
resultant tailwinds were combined before tlie statistics were computed. However, 
Tables 1.4B through 13. 4B present these same reversal statistics with respect 
to different categories of the resultant tailwind magnitudes. 

These statistics should prove valuable to both the mission planner and 
the operational control authority because they are based upon a prior knowledge 
of die wind-type information that will be available during the mission. For 
example, consider a landing planned for 1000 LST in April on runway 15. 

Assume that the wind observed at 0900 LST is known to have a headwind com- 
ponent along that runway. Table 4.4A, column 4, indicates that 7,14 percent 
of those wind observations changed to such an extent that at the following hour 
( 1000 LST) there was a tailwind component on runway 15. This ixjrcentage can 
also be obtained from the appropriate total column of Table 4.4B. Restated in 
terms of risk; with a known headwind component at 0900 LST, the risk of change 
to a tailwind component at 1000 LST is approximately 7 percent. Of course, 
this risk statement does not consider the forecast capability that would be utilized 
in the real-time operation. 



If the investigator were interested in the percent of headwind reversals of 
all reversals which resulted in a tailwind of ^4 knots, this can be obtained from 
Table 4.4B by adding 1.73 and 0,71 to arrive at 2.44 percent. 

4. Headwind Component Example. Tables 1, 5 through 13. 5 give cumu- 
lative percentage frequencies of headwind components along the runway during 
the daytime hours. The use of the tables is illustrated by the following example: 
”W'hat is the risk of a headwind component > 20 knots on runway 15 at 12-14 
hours in April?” Table 4.5 shows that 91.43 percent of the headwind observa- 
tions were < 19.9 knots. Conversely, there is a s.f)7 percent risk of speeds 
> 20 knots. ”What is the 95 percentile headwind component speed from the 
same table?” Interpolation between 93,01 and 95.00 for 95 results in a speed 
of approximately 22 knots (in this case, closer to 23). 


IV. CONCLUSION 


In summary, this report provides different types of wind statistics 
applicable to the KSC, Florida area. Ground-level wind statistics are given 
computed with regard to the KSC Space Shuttle runway orientation. Crosswinds, 
tailwinds, headwinds, and headwind reversals are the different parameters 
computed by critical class intervals for hour, month, and runway. If cumula- 
tive percentage results are needed, one must follow the procedures given in this 
report and accumulate the appropriate percentages. The reader should consult 
Reference 1 for a further discussion concerning some small sources of error 
introduced by the use of peak wind data samples. 

Further climatological and wind information involving the KSC area can 
be obtained from References 5 through 8. 
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TABLE 1.4. HOURLY KENNEDY SPACE CENTER, FLORIDA, WIND REVERSAL 
PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 1.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 

PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 2. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 2.3. HOURLY KENNEDY SPACE CENTER, FLORIDA, TAILWIND-VERSUS-CROSSWIND 

PERCENTAGE FREQUENCIES BY RUNW'AY END 
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TABLE 2.3. (Continued) 
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TABLE 2.4. HOURLY KENNEDY SPACE CENTER, FLORIDA, WIND REVERSAL 
PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 2.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 3. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 3. 3. HOURLY KENNEDY SPACE CENTER, FLORIDA, TAILWIND-VERSUS-CROSSWIND 

PERCENTAGE FREQUENCIES BY RUN^^'AY END 
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TABLE 3.4. HOURLY KENNEDY SPACE CENTER, FLORIDA, WIND REVERSAL 
PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 3.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 4. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 4.3. HOURLY KENNEDY SPACE CENTER, FLORIDA, TAILWIND-VERSUS -CROSSWIND 

PERCENTAGE FREQUENCIES Bx RUNWAY END 
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TABLE 4. 3. (Continued) 
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TABLE 4. r KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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ABLE 5. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
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TABLE 5.3. HOURLY KENNEDY SPACE CENTER, F1X)RIDA. TAILWIND-VERSUS-CR< 

PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 5.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 6. 3. HOURLY KENNEDY SPACE CENTER, FLORIDA, TAILWIND-VERSUS-CROSSWIND 

PERCENTAGE FREQUENCIES BY RUNWAY END 


» *4 

^ ^ 
• • • • 

lA «r Qk 


fh ^ 

wi m « 


m ^ 


O m M » ^ 

oe o 

wo • • • • 

N CK « 

U 


n IT) lO 
o r u> 9> 


C' Q ^- #»• 
O D 


a. a o K 

3 o o 


a. » o I 

3 •« O ■ 


e r» • 

\ o m 

\ ¥i • • 9 m 


9 »> O « 

M <4 o Ok 

I o «n • • • • 


9 00^ 

O O I 

• o • • 


^ *4 « 

• UJPO P4 lA o 

P U • • « • 

• » « M 


^ C « 
# Ok O CD 


) « lA o i/» a 

Ki ^ r*. o 

o • • • • 

^ O « « PA «A 


9 o m m o w 

^ if* ^ 9 X. X. 

O • • • • m3 

P- » ^ J -> 


• O* JB «4 O » o 
« *4 iJ M P«. M O 

r o u • • • • 

' ft »4 fy 

j tn ui 

*4 ft 

) 

: # o « P4 

• #4 4> n n 


» Ok O tf> « Ok 


lO fM 0> Ok *4 
tn >n f4 *4 


P- ^ n lA P^ 
rn w m 


^ * o » 

•A M 44 tu K ^ I 

K O U • • 

►4 P- ft 

^ (A LJ 

I * “ 

} X X 9 O «M 

E 3 M ^ OK. 

ft ft O • • 

*A K py , 

« o 

O o *4 

9 ft 

(A U » O « I 

OK ( 

• o • • 

• OK O lA - 

»A ♦ M 

O ^ 

w « Ok Cl I 

: £ ft ^ K < 

• 3 Ul O • • 

I “J ® K fy « p 


PA ® 
O tf> lA 9* 


41 »4 u K %n 

O P4 O Ok O 

■ • • • 2 

p 4 -4 ry M 


O *A flu K C3 tA 

ft r- PO o f4 

Ui O • • • • 

*y Qc »y PA 


n u u o 

D O O O 


O O o Ok 

-4 0 0-4 


o ra o o 
o O J o 


. »A rj Ok u > 

i UI O *4 (J M 

I s3 • • • • 


»- Ok kA 3 ( 
*A -4 UI rj . 

>4 X 3 3 • 


P- Ok (A 
lA M «4 Uj 
-4X00 


9 K O A 

•4 PA o lA 


U 4) 9 O O 

I ft 4> P- O »A 


3 4) K ru 

> tA *A CD 


ft 2 9 O 9 ; 

2 P4 <4 ft Pk. I 

3 ft O uJ • 

ue A p- ft 

kA O 
O -4 

ft 

O > K .i 


► -4 ft 

« O U 

ft 2 9 U i 

ft -4 ft f 

3 ft O UJ 
ft vA P- ft 
«A O 
O -4 


O PA 9 -4 
•A 9 -4 9 


«4 *A o ru 

^ > -4 3 


• 9 o K 

J (3 O 3 


2 kA 

•4 t- J- > ft j 

ft 1-4 3 < 

3ft 30 K 

K U» I Q 

9 3 ftp. 

^ -4 A *4 


2 *A 

•4 — 9 9 ft ^ 

ft -4 0 9 

3 ft O O K 

-4 *. P- I O 

9 3 3 *. 

P- >4 A .4 


Z kA 

♦IP. 9 9 ft 3 

ft - 3 9 

3ft O O K 

t. M •“ P- * O 

9 3 3 P- 

^ -4 y> M 



TABLES. 3. (Continued) 




n • 

41 

m r» 

f* 9^ 

9» 

• • 

• • 

O 

• O a fk. 

►* 

90 f4 


O V> 

9u 90 


tt 41 

O 90 

in 

Ui o 

• • 

• • 

M « 
u 

Z 90 



•i 

N m • • 


z z 

»4 •« 

z 

4 > •< n> Z 

m 

4 > Z 

•• z 

9 » 

• • • • 


• • 

• • 

O 

« • Z 

O 

a M 

Z M 

► 

90 *4 Z 


Z *4 

z 

O «o 

o o zz 

o «0 

z m 

O Z 

K *0 

9 »* 9 «» *4 in 

ft 41 

(M z 

09 » 

UI o 

• « • • 

Ui C 

• • 

• • 

94 a 

u 

3 

3 

7 

N a 
u 

z »« 

m 


Ok 

e •« 

• • • • 


# o o « « 

M a O M lA 

• o • • • • 

• 9- W 

• o o 


0. 9 O » 

9 O O *««• 

• • • • 

I 

m 

N 

# O » « 

M o *« f*> m 

• o i/> • • • • 

• ^ kl 

• O 19 

Iktf « 

0» 9- 

K O U • • • • 

M >» 0 : «i« •« 

^ ^ «A Ui 

« a. 


» o a » 

9 *a Qm 

• • • • 


5 o ^ lO « 

M 0«4iAK 

* O • • • • 

• ^ 1*1 

« O 19 


O* X n m 
90 k4 » » ( 

c o u • • 


o 


s z z 

^ Z M 4 k 

z 


a o 


z 


a o 

SB 


9 14 94 

Z Z 94 « 

9 


z Z z 

^ z 90 

a 


z z z 

M 


tt a o 

• • » • 

X 


9 4 94 

Z Z Z O 

z 


9 *4 94 

z 


in 9 - 

•4 m 4 z 

M 


a a o 

• • • • 

M 


a a o 



41 O 


a 


Z 4 

•o 14 *4 Z 

a 


in 4 

41 

o 

O *4 


z 


z o 


z 


z o 

O 

z 

a 


z 

o 

O «4 


z 

o 

O 94 

tt 

z 

w z 

z a o z 

o 

z 

a 


o 

z 

a 

u 



Z 90 Z fu 

a 

z 

u z 

Z 94 z o 

a 

z 

u o 



• o 

• • • • 

o 



Z 94 Z z 

u 




r» o 

« o • • 

• ^ mm 


t? O 

O 

« < « 


» ^ « O u 

«A lO » » Z X X 

• • • • 94 a ui 

fki in *<C9 Jl 9 02 


• • • • 

M « tft 


« u. 

• • • • • • 9-0 

^ <« O* f z 

< in 9« *o p4 9» 

^ • • • • z 

o in in »« o 


o ^ 

•o in m ♦ 


o ^ w 9 ^ o m 

ck m * Ki o o> 

Im o • • • • 

9 >t X ^ 

u 


O ^ O) O ^ 

(X «n # o « 

Ui O • • • • 

rs* GE "0*4 m 


90 9*> O O 
« 90 a a 


O C 9 o » 

O « O *4 


0. amt 

D CJ^i 


o o o o 
O O O o 

• • • • 


9 0 0 0 

0 0 0 9 


• C9 in 9> C9 o 9. 

I *4 w ,4 *4 O 90 
! O 19 • • • • 


< Q UI 

a z » u o « ! 

Z *4 ^ Qc 90 ^ 

9 a o UI • • 

ac m 9 * a. *4 

m o 

O «4 

W 09 • mm t 

O *4 I 

* o • • 

• ^ 9» *4 


m DO' 
n# 9 0 

• o • • 

• *-> 

• u 

m 

»- <> m .9 * I 

in 14 *4 i4j ir 1 ( 

•o c o O « • 


>• « z 

« D Ui 

a z « u « CK I 

Z 14 i4 « # «4 

9 a o UI • • 

CK «n 9* a «4 

m o 


u » *o z 

»> m 

• o * • 

# in 


o o o o 

0 0 9 0 


u* (► m 
m 14 94 Ui 

•4 c O o 

-I in 4- 
► *4 Z 

4 O UJ 

a z » u 
z ^ «4 Z 
9 a o Ui 

z m 4 > a 

m o 

o -4 

a 


0 » 3 

#4 94 O PO 
• • • • 


O * » M 
po r* -4 fM 


« o a ^ 

«> 40 94 9 » 


wD 9 > ^ 

4 0 4-0 


o «o o ^ 

> 4 z 


o 

z m 

-N 4 ^ « o a 9 

a 4 3 ^ 

9 c o o ^ 

14 94 N- 4 I O 

m a 9 9. 

4 4 yt 4 


o 

Z m 

-^4 z o a ^ 

a »4 9 4 

us O O 9* 

4 94 4 4 10 




10 

1 

s 

O 

u 


CO 

CO 

PQ 

< 

H 


o 

ft 

u 


3 

s o 


« te. 
►* O 


ft 

o 

ft 


o 

ft 


ft 

«« 

UJ 

ft 

u 

l/> 

ft 


ft 

» VI VI ft 

•i 

O ft 

ft o 



ft 

ft ft ft ft 

ft 

VI ft 

• VI 

« 

* 

ft 

• • • • 

ft 

• • 

• • 

ft 

• 

o 

VI m ft ft 

o 

ft ft 

m ft 

o 

ft 

ft 

ft ft VI 

ft 

VI ft 


ft 

ft 

O VI 

o o e o 

o v» 

m m 

oo 

o *. * 

iC 

a VI 

ft VI O 3 

ft VI 

^ ft 

Oft 

X VI 

VI 

w o 

• • • • 

ki O 

• • 

• • 

w o 

• 

NOE 

ft ft VI 

N ft 

ft 

VI 

ft a 


U 


u 



u 


% 

a ft o ft 

ft 

o o 

3 O 


o 

3 

o ft n ft 

3 

o o 

o e 

3 

a 


• • • • 


• • 

• • 


• 

1 


• 



1 


VI 


VI 



m 


f 4 


ft 



ft 



ft o 

*•« ift 


ft O 
ft ^ w 

ft O ft 
1«« ft 


ft ^ ft «• 


3 M 

tt a 
Ul 


O 

ft 


o 

« 


X 

3 

« 


I in u 

-4 ft 

I 

ft 

*4 I 

o 

o 


ft O ft I 

O *4 I 

ft O • ' 

• t: 
ft o la 

M ft 

VI ft 

•n ft ft S o ft I 

VI M 44 M n ft I 

K O M • • 

Mft ft *4 


ft O ft ft m 

f4 O 44 ft Ql 

ft O VI • • • .« 
ft ft IV 

ft o ta 

rn < 

VI ft 

i*lftft2440ftVl 


I Cl 

I o 


a 

VI 


o 

ft ft 


a o 

VI ft 
VI o 


ft 3 

• • 
ft ft 


CJ ft 

V| ft 
• • 
ft o 


s 


ft ft a 
a o 

s a ft 


O IM I 
O m I 


) ft VI VI "M ft 


O *4 



VI 

o 

O ft 




VI 

a 

O 




a 



o 

ft 

a 




o 

ft 

tt 




U ft 

ft 

VI VI ft 

tt 

VI 

<4 ft 

ft ft 

ft 44 

a 

VI 

u 

ft 

ft 

• ft A 


ft 

m ft to 

u 



ft ft 

VI 

ft 

u 




A 

ft AO^ 

• o 

• 

• • • 



• O 

• • 

4 

4 



ft 

o 

• 

4 4 • 

• ft 

ft 

•n *4 ft 

v> 

• 

« ft 

N r- 

N 

N 

VI 

• 

ft 

ft 

ft 

ft ft ft 

• 


ft 

> 

VI 

• 

ft 


N 

ft 

VI 

ft 


ft 

ft m 

VI 




CD 

m 





A 


in 






VI 

o 





VI 

O 





ft 

ft 

ft ft in 

o u 


ft 

Vt ft 

ft 

44 

O Ui 



ft 

ft 

VI ft 


ft ft o 

X X 

a 


“O ft 

ft 

ft 

X X 

a 



3 

ft A m 

o 

• 

• • • 

►4 D 

IV 

o 

• • 

4 

• 

K 4 3 

k< 


o 

• 

• • • 

ft 

ft 

«ft ft <v 

a o 

A 

ft 

ft «n ft 

ft 

a o 

A 


ft 

ft 

in VI VI 


ft 

ft 


C 


ft 


C 4 


X 




ft 

ft 



ft 

3 

ft 




ft 

3 


ft 






« u. 

r 





ft k. 

X 





• • 

• 

« • ft 

ft o 


« • 

• ft 

ft 

ft 

ft O 


ft 

ft 

ft 

ft ft ft 


ft 

3 

O 

X 



A ft A O 

X 



o N A ^ 

X 



ft 

ft A 


« 

ft ft A (*• 

ft 


A 

ft N ft ft 

ft 


A 

A 

ft N 

A 

ft 

• •44 

X 


ft 

4 4 4 4 

X 


ft 

4 

4 4 

4 

o 

ft ft m 

o 


o 

A f 4 ft ft 

o 


o 

o 

A • 

ft 

ft 

N m 

c 



ft A 

c 


ft 

N 

ft 

A 

O VI 

ft ft o • 

A 


O A 

ft A c ft 

A 


O A 

ft 

m o 


U VI 

O A 3 ft 

o 


a VI 

A ft O ft 

O 


a A 

ft 

ft o 

ft 

w o 

4 4 4 4 

X 


ki o 

4 4 4 4 

X 


ki O 

4 

4 4 

4 

N a 

ft ft lA 

ft 

ft 

fta 

ft fM ft 

««4 

A 

N a 



ft 

u 


a 


u 


a 


u 






k 

a 



a 

a 





a. 

0 0 0 13 

A 

3 

a 

O OO o 

A 

3 

a 

3 

Cl o 

o 

3 

u oo 1*4 

Ui 

o 

3 

o o o o 

IV 

o 

3 

3 

oo 

o 


• 4 4 4 

0 . 

X 


4 4 4 4 

flL 

X 


4 

4 4 

4 

A 


14 


A 


U 


1 

A 




N 


A 


N 


A 


N 






k 




a 






ft 

0 0 0 3 



ft 

o o o o 



ft 

ft 

a o 

ft 

N 

3 0 0 3 



‘V 

O (3 O Q 




ft o o 

ft 

ft O 

4 4 4 4 



• o 

4 4 4 4 



• O 

4 

-1 4 

4 

ft ft 




• ft 




• ft 




• o 




• u 




• o 




ni 




N 




N 




A 




A 




A 




ft ft 

A ft t 4 4 1 - 



ft ft 

A A ft O ft 



ft ft 

A ft 

ft v> 

ft 


ftCOO**** 
ft ft ^ 

-i VI ft 
>■ ft JC 
ft O kl 

azftUftwfti** 
^ftftftftftft'i 
3aOUl4 4«4 
ft; VI ft ft ft ft n 
VIO 

o 

ft 

O ft » 

ft ft ft <1 

no • • • • 

• ft ft ft ft 

# 

VI 

V ft «n u o 

VI ft D ft 

O • • • • 

ft VI VI « 


ft CO ft • • 


A 


ft 

A A « 

ft 

<k 

^ A ft 



-J A ft 



ft ft X 



ft ft X 



AO IV 



AO IV 



a X V u 

A A ft 

ft 

a X ft u o 

N A A 

a Aft a 

ft A A 

ft 

X M ft a o 

rv ft A 

3 a o ui 

4 4 4 

4 

3 a O ki 

4 

4 4 4 

a A ft a 

N ft 

A 

a A ft a A 

N A 

A o 



^ n 



O A 



O A 



a 



a 



u ,> 

A ^ A 

A 

U ft 

ft 

ft A U 


N A ft 

ft 


ft 

A ft A 

» o 

4 4 4 

4 

• o 

4 

4 4 4 

♦ A 

ft N 

rv 

• ft 

ft 

A ft A 

« 


ft 

• 


ft 

A 



A 



m 

ft ft ft 

ft 

ft 

ft 

AON 


a -o ft A 


ft 

ft A A 

o 

4 4 4 

4 

o 

4 

4 4 4 

A 

« ft 

A 


A 

ft ft ft 



ft 



ft 

ft 



ft 




o 

X A 

ft A 

♦ a 

a ^ 

O 

X A 

# 9^ a -1 

o 

X A 

ft ft 

X 

» a ^ 

a ft 
^ C 

o o 

3 A 

ft 

a ft 
u c 

3 A 

O O ft 

a ft 

•i c 

O 

3 A 

O ft 

ft ft 

ft ft 

1 O 

ft ft 

ft ft • o 

ft ft 


A 1 O 

A ^ 

ft A 

3ft 

ft 

A ^ 

ft 

O ft 
ft A ft 

A ^ 

•<« 

O ft 
A ft 


92 


f 



PT^h btfkOS TAILM1 nD$ vs CROSSmIMDS 


« 


M 

a 

•> 


9 

o 


«A « • o 

•• HI • « 
• • • • 


e M » o «« o 

« «A •« « «« «k 

tol P » • • • 

N « ri 

u 


% 


o p< M 
• • • • 


M *n ^ j 

# o «^ • • • 

# ^ w 

# OP 

« 

p ^ 

^ « O K «^ ( 

m »4 «« uj m p » t 

c o u • • • 

M ^ a •« «* i 

> «i m M 

4 • 


•V 

ft O M 

.J 

ft ft O ft 

«l 

t* ^ th 9% 

ft 

r» Q VI 

9» 

• • • • 

1- 

• • • • 

o 

P oo 

o 

f* ly VI VI 

m 

«v m M ft 

¥• 

•y *y M ft 

o •/» 

O iTi ft ft 

O VI 

O ft M 

ft VI 

a ft v« o 

ft VI 

a r* VI «y 

M O 

• • • • 

IV O 

• • • • 

fy ft 

«•« N 

fy ft 

w 

u 


u 


a 

ft O ft ft 

ft. 

P O ft ft 

5 

6 P ^ 

3 

O O VI VI 


• • • • 


• • • • 

• 


1 


«n 


VI 




M 


ft 

O ft ft M 

ft 

ft •• ly 

rv 

O ft 

ty 

VI9^ •« ly 


• o 

• IH w 

• op 
t 4 m 

•*» K 

o> 9 9 ^ m m a 

K O p • • • • 
M ^ V IM M P 
^ <A kl 


• O VI • • 

• *- 

• o o 

o« « 

V» ►“ 

» s ly < 

VI M w ^ < 

s o u • • 

^ ^ a M ' 

V ^ i/i w 


» ir 

» • 

I lA 



a o 





VI 


• o 


VI 


a 

o 




9 9 9 

• 

ft 

ft 

ft 

O 


99 9 

ft VI ft VI 

Q 


a 

Z ft 

«> V) 

ftp Ci 


3 M *v 

ft 

ft 

ft 

<y 

9 


3 ft ft 

ft ft ft ft 

9 


3 

ft ft 

ft ft 

ft ft 


ft a o 

• 

• 

• 

• 

ft 


a a o 

• • • • 

ft 


oc 

a o 

• • 

• • 


ft *• 

ft 

ft 

ft 

ft 

a 


p ft 

ft ft y ft 

a 



ft ft 

ft « 

ly op 


ft a 




• • 

ift 


VI o 

ft 

VI 



VI O 


ft 

ft 

O ft 





VI 

O 

O ft 


VI 

o 


O ft 



•y 

ft 





o 

ft 

ft 


o 

ft 


B 



VI 

U ft 

VI 

ft 

fy 

ft 

ft 

VI 

U ft 

ft O ft ft 

a 

VI 


u Ch 

ft VI 

ly (y 



m 

ft 

ft 

ft 

u 



VI O ft 

u 




Oft ly fv 


• o 

• 

• 

• 




• o 

• * « • 




ft o 

• • 

• • 

• 

• >» 

ft 

ft 

ft 

ft 

VI 

• 

• ft 

v> c VI ly 

VI 

• 


ft ft 

ft ft 

ft fy 

ft 

• 




•y 

» 

VI 

• 

ft ly 

> 

ft 


ft 


ry 

ft 

ft 






ft 

Vl 



ID 


VI 



o 





4 > 

VI 

o 



VI 

O 






ft 

• 

ft 

V 

O kl 


ft 

ft VI ft 

O IV 



ft 

^ v> 

V* ft 

■ 


ft 


sv 

»•> 

9 3 

« 


VI VI « Oi 

9 9 

OE 



VI ft 

ft ft 

kl 

o 

• 

m 

* 

« 

ft 3 

kl 

u 

• • • • 

ft 3 

kl 


O 

• • 

• • 

ft 

ft 

ft ft Ml 

•4 

a 3 

ft 

ft 

VI J » 

a 3 

JO 



fy 

ft VI 

S 







a; 


ft ft 

-1 

9 




ft ft 

3 

ft 





ft 

3 

ft 


ft 

3 


ft 



S 

• • 

• 

• 

• 

• 

ft k. 

ft O 


« 4 

• « ft • 

« k 

ftO 

a 


ft ft 

ft ft 

ft ft 


W O 

ly a 


Wl «M if 

• • * 

P VI 1 U 


o VI K 
O o VI VI 


o o o a 
r o o 


X 


a 

ft O ft ft 

z 



ft ft 9 ft 

ft 


m 

ft 

O (> ft 

ft 


m 

ft P • « 

9 



• 

• • • 

9 


ft 

• • • • 

O 


o 

ft 

VI ft » 

O 


o 

VI ft • VI 

a 


ft 

** 

ft VI 

a 


ft 

ft VI 

VI 


O VI 

C .4 

ft ft Vt 

VI 


O Vt 

O Cl o o 

a 


B VI 

CJ 

ft ft ft 

o 


a VI 

o o a o 

a 


W O 

• 

• • • 

9 


ft o 

• • • • 

ft 


ly » 



ft 

ft 

ly a 


a 

ft 

(V 



a 

ft 

u 


JT 

a 




V 

B 



4 

3 

a 

o 

uo o 

4 

3 

ik 

o oo o 

kl 

fi 

3 


oo o 

kl 

O 

3 

o oo o 

& 

X 


• 

• » • 

a. 

X 


• • • • 


» c* r j 

^ V» -• 


O 

►- 

L 


• • • • 


.N 

# O 

« *• 

• u 


o » o ^ 
a*^ o 


> i/i r» # r^ 

* *« <4 w « ^ VI K 

t O P • • • • 

• ; t. WV M r\( 

w / »- 


Ji;» ^UPOO« 
•:*-*»«avipvi-^ 

oaow**** 

VI o 

o -• 

QC 

u» • <y # « 

VI # 

» o • • • • 

• V- 


V» ^ #k> 


o 


» « O N 
V • -I V 


I- ^ VI ^ r . J qe 

viMpi 4 Li«viar<. 

^ f># 4 V 

-4 VI ►- 
► -I * 

« O «v 

9 Z tfO» 4 ryK» 
^M« 4 ia;^vi«vi 

avi^a^via^rv 
VI o 


o -« 

a 

u» 

# o 

• •- 

*tl 


VI VI u» 
> ■> VI ^■ 


V* VI v> 


> VI ao # V> 

•• • • 

►^v* ^ rsi 9 


3 aow»»«« 

OK VI V- a. r» v> rv fv 
VI O »m 


O -V 
ft 

U 9 > 

• O 

* ^ 

VI 

» 

o 


» O O VI 

# O V* «v 

* • • • 

V VI VI VI 


^ 9^0 
V> » f- 


^ K 


# » a. u 

9 « 

o o »• 

•• V I O 

o ^ 

VI «i 


o 

X VI 


» »> a ^ 

3 « 
Q r- 
»- »- I O 
J v- 

•• VI 


^ c 

vq M 

4 ^ 


# a -i 

3 « 

o o ^ 

►- K I o 
3 •- 
-• VI *v 


93 








o « ^ 
• ^ o 


o 


o 


• • • • 

^ W\0, tH 
*4 ra M 


o yt 

ft 

w o 

^• ft 


o » o» 

a IK o ^ 


o y> o r* ^ j 

ft «A o m ^ I 

wo • • • 


o y* o » n ^ 

ft «/> U ^ O W 

u O • • • • 


ID 

3 

C 

XI 

C 

o 

U 


CO 

u 

h4 

n 

< 

H 


§ 


ft • 

o M P4 

• • • • 


ft ft m 9> 

«« ft tf« 

• Oft* • • • 

• ^ w •<* M 

• Oft 

ft 


I O ft 


K O U • • 

> W ft w 
» ft 


B O 
ft ft 
3 M 
a B 

ft 

ft 

o 

ft 

u 

• ' 


ft I 


• » ft oi 
M 


O M ft 


O 

IK 


ft 

3 


I 

ft 

f>t 


«a f ft 
o ft *»• 

• • • « 


ft 


n 

• Oft 

• ^ w 

• O 49 


O ft ft ft 

O ft ft o 


s o u • • « • 

ix> ^ or ft 

^ u ft w 

ft ft 0. 

B O 


o» ft ft ft 
ft ft ft ft 


ft ft ft ft 

IM ft ft ft ft 

• o ft • • • • 

• *- w •• 

• O 19 

ft 

ft ^ 

ft»>ftZOftftr^ 

ftftftWOftftO 

sou* • • • 

ft a ft ft M ft 


S z ft 

3 M #4 

CK B O 


ft ft ft I 
T ft ft « 


► ft 'v ft ft ft 


Q 

ft 

ft 


u ft 

• o 

• ft 

• 


ft ft ft ft 
ftt ft ft ft 




ft 

O 


u 

ft 


B O 

z r •- 
3^ * 

a i* o 


o < 

oc 


# ft r» ft 
O • ft 


Lf 9h ft ft 

ft ft ft 

• o • • • • 



o 




S 

ft 





flO 

t#1 


lA 

o 



ft 

o 





lH 

o 



o w 


• 

O • ft ft 

O W 


B 


C ft ft 

ft 

o w 


B 

Si U f- 

B B 

« 


3 ft B B 

B B 

QL 



3 « • 


B B 

Qt 


3ft 9ft 

Ift 3 

W 

o 

• • • • 

ft 3 

W 

O 


• • • 

• 

M 3 

w 

O 

• * • • 

B 3 

o 

ft 

M 9» IM 

B n 

(S 

ft 


ft •• 

ft 

B 3 

<a 

ft 

ftf o 


s 


••4 

u 

X 




ft 

U 

X 




3 

•4 


ft 

3 

ft 





3 

ft 


«« 4fc 

B 



« Ik 

B 





Ml te. 

B 



w o 


• • 

• • • • 

ft o 


• • 


• • • 

• 

ft O 


B • 

• • • • 

X 



• ft 3 B 

z 




ft IM B 


X 


3 

(3 IS «4 O 

ft 


< 

O O ft ft 

ft 


• 


B ft 3 


ft 


« 

ft K B • 

B 


ft 

• • • • 

B 


ft 


• • • 

• 

B 


ft 

• • « • 

O 


o 

IM « O 

O 


o 


IM O ft 

ft 

O 


O 

ft r- r* ^ 

X 



ft n 

X 


ft 


ft 

IM 

X 


ft 

ft IM 

III 


O HI 

O ft O 

ft 


O ft 


o o c u 



O ft 

O uo o 

o 


ft y> 

19 ft O 

o 


c: ft 


3 0 9 0 

O 


a ft 

o ou o 

B 


w o 

• • • • 

B 


w O 


• s m 

• 

B 


w O 

• * • • 

•ft 

-J 

ft 


►-« 

ft 

^ at 




ft 

B 

IM X 


B 

•* 

' ' 


B 

ft 

u 




B 


U 


B 

ft 



K 

Ct 





X 

a 




3 

V. 

O a o> 


-5 

(K 


3 O C^ 

o> 


3 

o. 

(^ a 3 

W 

O 

3 

(t ^ 

*»J 

O 

3 


U O ft 

ft 

W 

O 

3 

ft o a ft 

a 

z 


• • • r 

Ck 

z 



• • • 

• 

a 

X 


• • • • 



ft 


L.‘ 


«t 




u 


ft 


yi 


IM 








V 


fM 




ft 

O 1 ^ <C 



B 


- * / 




B 

ft • ft ft 



IM 

O ft 



IM 


— K, r«. 

ft 



t* 

ft ft iA 



• o 

• W « 4. 



• O 


• •> • 

• 



• 3 

• • • • 



• ft 




♦ ft 






• ft 




• o 




• o 






• 3 




A# 




IM 






IM 




ft 




ft 






ft 




ft » 

ft « ft ft 



*- 

ft 

^ lA ^ 

B 



ft .► 

B •-> B ft 



ft «-l ft 




ft ft ft 

w 

» • ft 

B 



ft ft 

4 , ' ' r ^ 



ft s o 

3 • * • 



ft X 3 

J5 

• • • 

• 



-* X O 

3 • • • ^ 



ft ft 

• ft CM 



ft ft 

« 

ft 

B 



ft ft 

« IM ft « 



^ ft 

ft 



^ ft ft 





3 n 

ft 



ft ft 




ft ft 

B 





ft 

B 



^ o 

KJ 



< CJ 

W 





4 O 

UJ 



B B JT 

u ri « « B 



9 B B 

u 

IM IM ft 

O 



B B B 

U .9 « S ft 



B ft ft 

« IM ft ft ft 



f ft ft a 

«M ft « 

ft 



B -ft -1 

*» rfl I- B « 



3 a o 

ui • • • • 



3 B O W 

• • • 

• 



3 B O 

L . • • • • 



a ft ft 

a ft ft M ft 



Otft ft 

a. 

ft *n ft 

»M 



at ft ft 

a^i'i-"0- 



ft o 

ft 



ft o 



ft 



ft r3 




3 ft 




O -I 






O ^ 




(K 




a 






a 




U • 

^ ft w> ^ 



U l> 


B • ft 

• 



J t^ 

B ® ft . . 




ft B -I D 





3 ft 

ft 




O ft ft ft 



• o 

• # • ♦ 



• o 


• • • 

• 



c, o 

# • 4 • 



• ft 

ft IM ft • 



♦ ft 


fM *M -A 

*h. 



If ft 

M IM tt 


1> ft ^ fw 
3 n ^ 


O ft 
1 ft 


ft 

A ft 


ft ft ■> ( 
^ ft^ < 


o 

X ft 


ft Ift 

^ s 


ft ^ CL -J 
3 ft 

C J ^ 

► I o 
3 *- 

ft ft •« 


Cl 

X ft 


B ft 
^ S 


ft » o. ^ 

3 ft 
O O ft 

ft ft • o 

3 ft 
ft ft ft 


ft J 

3 * 


94 





TABLE 6.3 


♦ ^ ^ O 
r« o «i« O 
• • • • 

(/> V lA 


r>« m ^ «o 
lA <n » 


flO 9 o 

•>• f>» 


<M *-• 

lA tn Kl 4T 


Ki gu m r» 

<M 1^ 


o t/» o Ofw 

a tA am om 

|y O • • • • 

hi a 

u 


O (A O « (h « 

QC cn O t/> -4 

l4i O • • • • 

Ni ac 


o ^ O' t'% 
o r— O' 


a. « lA lA 

3 lA «<> (h « 


o o A 

o O ui u> 


# o til • • • 


*A»*ihZo«>a> 

K O O • • • • 

M ^ O: f*t *4 .0 

^ (A ui 

< *4 0. 

a o 

X X o m o 9 

3 M r-» io o 

ft s o • • • • 

lA ^ *4 3 0k 

til o M «4 

o ^ 

ft 

Oft iA in ^ ft 

m fl> 9 tA 

• o • • • • 

• »- m 4> IM 


ft <ft • 

fM lA { 

# O tn • 

# »- Ui 

# O U 

M < 

tn H- 

Kt Z O' I 

*A *-• »^ Lj m I 

coo* 

M H> ft (M 4 

>. ^ m tu 

ft ft 

ft Cl 

Z iC ft ro • 

3 «-« •» m < 

ft s o • 

lA ^ a> { 

t/> a 

o 


ft ft ft <ft 00 

M 4-t K k/1 e 

O tA • • • • 


■ ft z 00 O ft 
14-iUj'fift^O- 

: o o • • • « 

I ►- ft o 

I lA Ui 
ft 


* O 

«A • 


.0 D M 

4/) ^ K> 


ft CO 04 O’ 
ft f «A 


t- ft 04 M O 


ft lA ^ in 
ft 4M« lA ^ 


ft CD lA m 

04 


O' 0^ lA ft 
ft 'O -• ® 

• • • • 

^ ft ro (XI 


ft OO 'JO 04 
04 ft ft (N 


O h* o A* 

O *n O lA 


a 0^ ft ft 
o lA in 


o- O □ o. 
K1 C3 Q K> 

• • • • 


f- O O O* 
o> O o Ki 

• • • • 


O O 
O »A a *A 

• • • • 


ft ft .>« |3 

I a'* ^ o 


►" ft ft ( 
lA 04 ^ U I 

C O ft 


►* ft ft lA I 

ft 04 ^ UJ OQ 4 

-« Z O ft • 

04 ^ ^ 


' O ft lA lA 
lA ® «4 

I • • • « 


w *n ft ft 
V *0 ft ft 

• • • • 

m ^4 o- 


< O LJ 
3 Z ft O 
z *-* ^ (X 
3 3 O UJ 
o: «/i a 
</> o 
o 

QC 

t* ft 


ft 04 ft «« 
ft in ft ft 


ft ari a 

00 »| 1.4 40 


3 Z ft U ft 
z ot o: 

3 3 O Ui • 
QC ft o> O. rO I 
ft O 
O -4 


o* ft D 04 
•A ft *n 


I o- ft ^ 0. -J 

to, 3 < 

IK O O 

t 04 ^ ^ I O 

: ^ 3 i-> 

»4 ft 


95 


















M #4 »4 M 



^ h* FI ^ X 



•i 

# ^ FI X 




« 

VI X ft VI 



ft X X X X 



X 

Z XFI ^ 




»• 

• 4 4 • 



ft 4 4 4 4 



ft 

• 4 4 4 




o 

• ^ f4 io 



O ft ^ X K 



0 

# 0 FI K 





*4 M to K 



ft ^ M ft 



ft 

fM X fM ft 




e ^ 

« Ift ^ 



O VI X ^ X o 



0 X 

♦ 0 ^ 0 




X VI 

VI X VI a 



X VI VI « VI O . 



at X 

0 0 ft X 




VI o 

4 4 4 4 



hi O 4444 ' 



hi 0 

4 4 4 4 




Ni at 

M X 



Md( FI VI 



M QC 

(MX X 




u 




u 



u 






o o « « 



X 0 0 ^ ft 



a 

0 Q ^ K 




3 

O O VI VI 



3 0 0 FI FI 



3 

0 0 F> FI 





4 4 4 4 



4 4 4 4 




• 4 4 4 




1 




1 



1 





VI 




X 



X 





ro 




ft 



fh 





X 

X X VI IM 



X Qt X> X ft 



9 

0 X X FI 




tH 

VI X M 



ft ft ft ft ft 



M 

0 ftft 0^ 




• O VI 

4 4 •* 4 



# 0 VI 4 4 4 4 



♦ ox 

4 4 4 4 




• ^ hi 

M 



• ft hi ft 



• ft hi 





• o to 




« 0 to 



« 0 (9 





IN « 




ft X 



ri X 





VI ^ 




V* ►“ 



X ft 








tOftChZOxFlx 



XftOkZOXFI V) 




VI M hi 

Q 44 ^ O 



FiMfthitOOXft 



FI ft 44 Ui 

X ft » 0 ^ 




X O U 

4 4 4 4 



X 0 U 4 4 4 4 



X 0 u 

4 4 4 4 




M V- X M *V 9 



44 ft tt ft ft X 



ft ft B »4 fM 




.J VI Ul 




ft 3 VI hi 



ft 3 X Li 





4 X 




X ft X 



X *4 <L 





90 


VI 


9 0 

X 


9 a 





XXX 

VI X to O 

a 


Z X X ft X ft X 

0 


XXX 

«M ft X X 


» 


3 M *4 

X ^ d 

X 


3 ft ft to X 0 0 

X 


3 ft 44 

fM 0 0 X 


M 


X 9 O 

4 4 4 4 

44 


ft 9 0 4 4 4 * 

ft 


Ot 9 0 

• • 4 • 


9 


VI ^ 

X VI X VI 

M 


VI ft FI X X ft 

9 


X ft 

fM X iM • 




VI o 

44 

VI 


V) 0 ft 

X 


X 0 



«/l 

o 

o ^ 


VI 

O 

0 ft 

X 

0 

0 44 



D 


tt 


o 

X 

s 

0 


B 



flc 

VI 

u X 

•ft X XX 

a 

VI 

U (ft X ft ft VI 

a 


0 

ft ft ft X 


U 



•ft X *4 

w 


<ft X ft VI 

L> 



X «X X ft 




• o 

4 4 4 4 



#0 4 4 4 4 

X 


♦ 0 

4444 


VI 

• 

ft ^ 

X 4ft o 

VI 

4 

# ft ft ft ft X 

4 

♦ ft 

ft ft X VI 


» 

iA 

ft 

»4 ft (M 

» 

X 

# ft ft 


X 

• 

ft fM 



m 

VI 



X 

(O 


a 

X 



VI 

o 



VI 

o 


X 

0 



'O 

O hi 


9 

to r- to FI 

a IV 


X VI ft X FI 

0 hi 


9 

« X ft X 


X X 

oc 


X to X X 

X z 

at 

ft X ft to 

X z 

X 


X X XX 


M a 

hi 

o 

4 4 4 4 

N4 3 

hi 

0 4 4 4 4 

ft 3 

hi 

0 

4 4 4 4 

d 

a o 

(A 


X VI X X 

9 -> 

X 

ft CO ft ftx 

9 *a 

a 

ft 

ft *> fM X 


-j 

c 


ft IM 


z 

ftft 


z 


ft ft X 


M 

3 

#4 


44 

3 

ft 

ft 

3 

•0 


d 

< h» 

X 



■ft h 

Z 


X 

z 



o 

K O 


ft ft 

ft ft ft ft 

ft o 


• « * « • • 

ft 0 


♦ ♦ 

• • ♦ ♦ 

O 

Z 


u 

ft X ft ft 

X 


3 ft X ft X 

X 


3 

X <► ft CK 




m 

O X « ft 

ft 


X ft ft X X 

ft 


X 

X ft X X 


z 


K 

4 4 4 4 

z 


ft • 4 • 4 

z 


ft 

4 4 4 4 


o 


o 

X X X ft 

o 


0 ft X FI ft 

0 


0 

X X ft a 

• 

CO 

c 


K 

N 

s 


ft ft ft 

X 


ft 

ft fM 

• 

CO 

v> 


O VI 

.> f- r- O 

VI 


ox* X ft X ft 

X 


0 X 

ft X X 0 

o 


a «/> 

X FI to to 

o 


ax X FI ft ft 

Q 


QC X 

X ft ft X 

M 

z 


hi o 

4 4 4 4 

z 


hi 0 4 4 4 4 

X 


hi 0 

4 4 4 4 

M 

09 

^4 X 

ft 

44 


ft (K 44 

ft 

0 

M B 

ft 


9 


h> 


9 

ft 

u 

9 

(h 

u 


PQ 

at 

tt 



ac 

ft 


9 

X 


0000 



3 

a. 

O X 

ft 

3 

0. 0 0 0 n 

X 

3 

d 


hi 

O 

3 

O FI ft lO 

hi 

O 

3 0 0 3 CJ 

hi 

0 

3 

0 00 0 

H 

ft. 

z 


4 4 4 4 

a. 

z 

• • « 4 

d. 

X 


4 4 4 4 


u 


V) 


u 


X 

u 


X 



(/) 


N 


VI 


ft 

X 


fM 



9 


X 

O X o X 

It 


X 0 ft X 

It 


V 

0 X 0 » 




ro 

3 UI O VI 



ft 3 FI -4 X 



M 

3 ft 0 ft 




ft O 

4 * • • 



• 0 ♦ • * 4 



• 0 

4 4 4 4 




ft V 




• ft 



♦ ft 





ft O 




• ft 



♦ 0 





M 




ft 



fM 





VI 




X 



X 





♦— O VI ar o f- 



ft ^ X ft ft ft X 



ft X 

ft X ft X 




vii-4*4Ujr*>o»4> 



X ft ft hJ ft F» F| go 



X ft 4* hi 

ft X X 0 




»4Z 3 U 

) 4 4 • • 



ftZOv9*4 4« 



•4 X 0 (O 

4 4 4 4 





1 p># 



4-» 4- X ft 44 



ft ft X 

ft fu 




^ VI K 



3 X ft 



_i X ft 





>> «4 a 

c 



► ft z 



ft ft z 





ft O Ui 



X 0 ui 



X a hi 





9X» 



azxuxFi^ft 



9Z4rUftr-KX 




Z«ft^X0>*09^-4 



2ftft(X^C^ ox 



Z ft ft cc 

ft X X 9 




3aoUi*«** 



3aOhi44«4 



3 9 0 hi 

4 4 4 4 




QC V) ft. rv -4 VI 



QC X ft a. ft to 



QC X ft a. 

ft ft 




V> O 




X 0 



X L3 





O -4 




0 ft 



0 ft 





a 




a 



QC 





U 9 

fO X « K 



(J9» ft X 3 0 



u > 

ft « X X 





X ^ X O 



FI 0 X ft 




X X ft X 




ft o 




♦ 0 • • • • 



• 0 

4 4 4 4 




ft •• 

X fv ft X 



* ft X ft ft as 



♦ ft 

X ft ft 




ft 




» 



♦ 





VI 




X 



X 





9 

to to tn « 



9 k'' ft FI » 



9 

ft X 0 (M 





> O O 



ft X > ft 




X X 3 ru 




o 

• ■ • • 



0 • 4 • « 



0 

4 4 4 4 








4- F> ^ X 



ft 

X ft ft 




*4 




ft 








Q 




a 



a 





T VI 




z X 



Z X 

X 9^ d 3 




►H »— 

X » CL ^ 



ft ft X a. 3 



ft ft 




Jl »4 

3 ft 



9ft 3 F 



9 ft 

a « 




^ c 

0 3 ft 



3 C 3 0 ft 



3 X 

00 ft 




»-t ^4 

ft ft 1 o 



ftft ft ft 1 0 



ft ft 

ft ft 1 0 




ft ^ 

a ft 



X -J Oft 



X a 

3 ft 




•» 

ft •! ft 



ft ft X ft 




ft X ft 


96 


i 



TABLE 6. 3. (Concluded) 






.,jf . -4 




O # M « 
O Wt M 


O O « 


> «r ^ 

I « ^ 


« 

o 


o « 

• « 


O 

at i/i 
w o 

N QE 


O ¥» 

a 

u o 

IM Qt 


r» 9 «« 

« N> iAQ» 


O lO 
tt 4/1 

w o 
N Ot 


•4 O 

9 a 


o 

je 


at 

u 


A. 

u 

4/) 


4. 

a 


I 


oo» » 

o o 


« O Irt 
# c la 


o o^> ^> 
a OM M 


ft o o • • • • 

> • at « 

> ^ It hi 

9 9* m m 
*H 9 9 9 


ft ft « 

3 M 

at ft o 

4/1 *- 

lA o 
o ^ 

ft 

u » 

# o 

♦ »“ 


o 

at 

w 

(4 

ft 

3 


• • 

4M rt| M K 


*« Q « 
ft O lA ^ 


O in fh 

IM 


M <a o 

ft » Q 


ft 

a 

o 


O Qft CK 
O O 


I 

<n 

C4 


M 

« O 

• •- 

• Q 

«>| 

4A 

^ O* vA 
^ W 

r a o 

M >. •« 

-i «n ^ 
► ft 
« Q Ul 
ft ft ft o 
ft ^ ft 

a ft o hj 

ttin ^ ft 

4 A o 
O •m 
ft 

U ft 

• o 

• 


o o o o 
a o a Q 


»o h> K 
ft fti pn ft 


e O ^ m 
ft Q ft 


a 

ft 

« ^ ft ft a. 

ft ^ 

J C 3 0 


a « 


« 


I o 
a i» 


o a I 
o O I 


• 

40 

M 

ft 


O 

ft 


o 

a 

u 


« a 

I a 


o 

ft 

lO 


ai 

o 


at 

w 

ft 


• O I 

• ^ Ul 

• o Id 

t4 m 

¥t »- 
^ 2 • 
pn |»4 nM U; • 

C O u 
ft • 

> ^ 40 Ui 

ft ^ a. 
ft a 

ft ft ft « 

a »-4 ^ i 

Ot ft o 

ft I" * 

ft o 
o 
a 

U 4^ 

• o 

• »- 

ft 

lO 


» O 4 
O « 


• 4> 4 
I ft I 


I ft O 

4 • • 

I 0| po 


ft 

O 


-"P 40 
«0«i4 


^ f** 
ft ft 


^“ ft 
ft ft 


o 

at 

u 


ft 

Q UJ 


P** ft ft ft> 


O 

X 


& o o 

3 O O 

• • 

I 

ft 

M 

ft O O 

o« O O 

o • • 


oo 

oo 


oo 

O Q 


w 

ft 


* o 

(V 

ft 

P-' (^ ft O <« I 

ft UJ o «o < 

^ X O ft • • 
p- « 

-4 ft ^ 

► * 

ft O W 

X Z ft U a» I 

»»-••< at ft I 

3 X O U4 


’ Oft 

> a 9 


Q 

X ft 


ft ft a ^ 

3 ft 

o o ^ 
I o 

Op- 

« ft 


41 

a 


I 

ft 


o a 
a o 


a 

ft 

ft 


ea 

o 


• o 

« p- 

• a 

IM 

ft 

ft P- CP 

ft P-i ft 
X O 4 
P^ P- 4 

P- ^ ft I 

ft ft 4 
X O 
Z Z ft 
3 ft ft 

Qc a o 

ft ft 

ft o 

O ft 
Qt 

u » 

• o 

• ft 

• 

ft 

ft 

o 


» 4 

ft 4 

ft • 


z ft ft 


ft- 1 
ft^ I 


« « 

• « • « 

ft o 


• • 

* « • • 

ftO 


• • 

«l 

•a wt X • 

X 



ft «0 ft 40 

X 


•Ul 

« 

4M ft o » 

ft 


« 

0^ ft XI 00 

ft 


«( 

p- 

• • • • 

z 


ft 

• • • • 

z 


ft 

o 

# ft M CP 

o 


O 

M IM ft .O 

o 


o 

p- 

ft ft 

X 


ft 

ft ft 

X 


ft 

o «n 

9 •CO O 

V) 


O 40 

*0 9 9 9* 

9» 


O 4/> 

Qt l/t 

ft 40 a ft 

o 


at po 

a* ft ft ^ 

o 


Or 4/t 

w o 

• • • • 

z 


Iti o 

• • • • 

z 


Ul o 

N ac 

ft 

ft 


IM at 

ft fM 


ft 

IM OC 

w 


X 

N 

o 


X 

fM 

u 


o 

00 I 


ft 

3 

o 

X 


o o 
o o 


ft. ft. 


ft 
3 

I 

ft 

e>» 

ft 

♦ o • • 

* ft 

» o 

M 

ft 

ft ft 9« OP 

ft ft ft IftJ ft ft 

ft X 3 O • • 

ftp- «« 

-J iT ft 
>- ft Z 
4(0 Ul 
3 Z X U ft ^ 
X ft ft B ft ft 

3 X o r 


ft 

OC 40 ft 

IL ft 9* 

z 40 ft a 


40 Cl 


40 O 


O ft 


O ft 


oc 


tx- 

•Q « 


ft ft # fM 

UQP 

O 4T 


if ft ft 40 


> • • 

* o 

• • • » 

# O 

•O 

• ft 

fM ft 

• ft 


• 


• 


40 


XI 

•A 

9 

9 •- « ft 

9 

•O 04 


3ft O P 1 


' • • 

o 

• • • • 

o 

1 ft 


ft a? 

ft 


ft 


ft 


o 

Z 40 


X 

^ X 


9 9 

o o 


9 " 


:j 


10- UP .37 .37 .UO .19 .00 .00 .00 .93 • fc.U 3. IS l.SS ,93 .37 .56 .56 13.52 

T0T6L 9,07 6.11 .56 .55 .37 .00 3.33 20.00 • 36.85 23.33 5,37 2.78 ,79 .56 7,96 77.59 



TABLE 6.4. HOURLY KENNEDY SPACE CENTER, FLORIDA, WIND REVERSAL 
PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 6. 5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 7. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 7. 5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 8. 1. HOURLY KENNEDY &PACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 8.4. HOURLY KENNEDY SPACE CENTER, FLORIDA, UTND REVERSAL 
PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 8.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 9. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 9.3. HOURLY KENNEDY SPACE CENTER, FLORIDA, TAILWIND-VERSUS-CROSSWIND 

PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 9. 5. KENNEDY SPACE CENTER, FLORIDA. HEADWIND COMPONENT CUMULATIVE 
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TABLE 10.1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 10.3. HOURLY KENNEDY SPACE CENTER. FLORIDA, TAILWIND-VERSUS-C ROSSWIND 
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TABLE 10.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 

PERCENTAGE FREQUENCIES BY RUNWAY END 
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TABLE 11. 1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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TABLE 12.5. KENNEDY SPACE CENTER, FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 13.1. HOURLY KENNEDY SPACE CENTER, FLORIDA, CROSSWIND PERCENTAGE 
FREQUENCIES FOR SPACE SHUTTLE RUNWAY 15-33 
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lb-17 11»U1 11.06 18.28 19996 16.09 18.76 26.89 
18-20 lb. 31 11. l2 U.ll 19993 21. Sj 21.69 16.53 
21-23 16.25 10.95 8.70 I999P 25.68 22.38 12.81 
00-23 lb. 63 11.93 13.76 159938 21. Oi 18.53 16.06 


TABLE 13.3. HOURLY KENNEDY SPACE CENTER, FLORIDA, TAILWIND-VERSUS-CROS! 

PERCENTAGE FREQUENCIES BY RUNW AY END 
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TABLE 13.4. HOURLY KENNEDY SPACE CENTER, FLORIDA, WIND REVERSAL 
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TABLE J3.5. KENNEDY SPACE CENTER. FLORIDA, HEADWIND COMPONENT CUMULATIVE 
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TABLE 13.5, (Concluded) 
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